Chapter - Electrochemistry

o

Topic-1: Conductance of Electrolytic Solution and Electrolysis

.

1.  Plotting /A, against cA,, for aqueous solutions of a

monobasic weak acid (HX) resulted in a straight line with y—
axis intercept of Pand slope of S. The ratio P/Sis [Adv. 2023]

[ Ay =molar conductivity, A7, =limiting molar conductivity
¢ = molar concentration, K_= dissociation constant of HX]

(a) K, A,

An MK ALR2 (©2K, Ap () IAK, Ay)

2.  Molar conductivity of aqueous solution of sodium
stearate, which behaves as a strong electrolyte is recorded
at varying concentration (C) of sodium stearate. Which
one of the following plots provides the correct
representation of micelle formation in the solution?
(Critical micelle concentration (CMC) is marked with an

[Adv. 2019]

arrow in the figures)
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3. AgNO,.(aq.) was added to an aqueous KCI| solution -

gradually and the conductivity of the solution was
measured. The plot of conductance (A) versus the volume

of AgNO, is [2011]
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(c) 2895 10 sec (d) 38.6x10%sec

The correct order of equivalent conductance at infinite
dilution of LiC], NaCl and KCl is [20018]
(a) LiCl>NaCl>=KCl (b) KCI>NaCl>LiCl

(¢) NaCl=KCl>LiCl (d) LiCl=KCl>Na(Cl
The electric charge for electrode deposition of one gram

equivalent of a substance is :

(a) oneampere per second.

(b) 96,500 coloumbs per second.

(c) oneampere for one hour.

(d) charge on one mole of electrons,
Faraday’s laws of electrolysis are related to the

(a) atomic number ofthe reactants. {1983 - 1 Mark]
(b) atomic number of the anion.

(c) equivalent weight of the electrolyte.

(d) speed of the cation.

[1984 - 1 Mark]
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8. Consider the strong electrolytes Z_X , U,Y,and V, X .
Limiting molar conductivity (Ao) of U,Y andV X are
250 and 440 S em? mol™!, respectively. The value of

(m+n+p)is [Adv.2022]
Given;

Ton ZF LR | N e g
2*(S em? mol™) | 50.0 | 25.0 [ 100.0 | 80.0 | 100.0

Alis the limiting molar conductivity of ions.
The plot of molar conductivity (A) of Z_X. vs c!2is given
below. A
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9.  The conductance ofa 0.0015 M aqueous solution of a weak
monobasic acid was determined by using a conductivity
cell consisting of platinized Pt electrodes. The distance
between the electrodes is 120 ecm with an area of cross
section of 1 cm” The conductance of this solution was
found to be 5 x 10-7S. The pH of the solution is 4. The
value of limiting molar conductivity (A2) of this weak
monobasic acid in aqueous solution is Z x 102S cm®mol™! .
The value of Z is [Adv.2017]

10. The molar conductivity of a solution of a weak acid HY
(0.01 M) is 10 times smaller than the molar conductivity of
a solution of a weak acid HY (0.10 M). If Ag- =1 the
difference in their pK,, values, pK (HX) — pK (HY), is
(consider degree of ionization of both acids to be <<1 )

[Adv. 2015]

A of Z,X, (S em’ mol )

I

Question Stem for Question Nos. 11 and 12
At 298 K, the limiting molar conductivity of a weak monobasic
acid is 4 x 10 S em® mol~!. At 298 K, for an aqueous solution of
the acid the degree of dissociation of o and the molar
conductivity is y x 10> S cm? mol~!. At 298 K, upon 20 times
dilution with water, the molar conductivity of the solution
becomes 3y x 102 S em? mol~. [Adv. 2021]
11. Thevalueofotis .
12. Thevalueofyis .
13.  Consider a 70% efficient hydrogen-oxygen fue] cell working
under standard conditions at 1 bar and 298 K. Tts cell
reaction is [Adv. 2020]

“
20.

cnrene €

H,(g) +%02[g) — H,0(1).

The work derived from the cell on the consumption of 1,0 x
1073 mol of H,(g) is used to compress 1,00 mol of a
monoatomic ideal gas in a thermally insulated container, What
is the change in the temperature (in K) of the ideal gas?
The standard reduction potentials for the two half-cells
are given below.

0,(g)+4H" (aq) +4e” — 2H,0(), £* =1.23V,

2H" (ag)+2e~ — H,(g), E° =0.00V
Use F=96500 C mol!, R=8.314 Jmol! K1,

14.  Acurrentof 1.70 A is passed through 300.0 mL of 0.160 M
solution of a ZnSO, for 230 sec. with a current efficiency
of 90%. Find out the molarity of Zn>" after the deposition
of Zn. Assume the volume of the solution to remain
constant during the electrolysis. [1991 - 4 Marks]

15. A 100 watt, 110 volt incandescent lamp is connected in
series with an electrolyte cell containing cadmium sulphate
solution. What weight of cadmium will be deposited by
the current flowing for 10 hours? [1987 - 5 Marks]

16. How long a current of 3 ampere has to be passed through
a solution of silver nitrate to coat a metal surface of 80 cm?
with a 0.005 mm thick layer? Density of silver is 10.5 g/cm®

[1985 - 3 Marks]

17.  The density of copper is 8.94 g/mL. Find out the number of
coulombs needed to plate an area 10 cm % 10 cm toa thickness

[1979]

10~ em using CuSO, solution as electrolyte.

18. Theelectrical conductivity of a solution of acetic acid will
bel s ifasolution of sodium hydroxide is added.
[1987- 1 Mark]

19. An aqueous solution of hydrazine (N,H,) is
electrochemically oxidized by 0O,, thereby releasing
chemical energy in the form of electrical energy. One of the
products generated from the electrochemical reaction is
N,(g). [Adv. 2024]
Choose the correct statement(s) about the above process:
(a) OH ions react with N,H, at the anode to form N, (g)

and water, releasing 4 electrons to the anode.

(b) At the cathode, N,H, breaks to N,(g) and nascent
hydrogen released at the electrode reacts with oxy-
gen to form water.

(c) At the cathode, molecular oxygen gets converted to
OH".

(d) Oxides of nitrogen are major by-products of the elec-
trochemical process,

In a conductometric titration, small volume of titrant of
higher concentration is added stepwise toa larger volume
of titrate of much lower concentration, and the conductance
is measured after each addition. [Adv. 2024]
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The limiting ionic conductivity (A,) values (in mS m?
mol~!) for different ions in aqueous solutions are given

below:

Ions |Ag" | K'| Na*|H" |NO3

cr [ soxJon [cH,coo

62 | 74150 [35.0(7.2

76 | 160 199 (4.1

For different combinations

of titrates and titrants given in

List-I, the graphs of ‘conductance” versus ‘volume of

titrant’ are given in List-II.

Match each entry in List-I with the appropriate entry in
List-II and choose the correct option.

List-I
(P) Titrate: KCI
Titrant: AgNO,

(Q) Titrate: AgNO,
Titrant: KCI

(R) Titrate: NaOH
Titrant; HC1

(S) Titrate: NaOH
Titrant: CH,COOH

(@) P4.Q-3,R-2.S-5
(c) P-3,Q4,R-2,S-5
74 I

List-II
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(b) P-2,Q4;R-3;S-1
(d) P4:Q-3;R-2:S-1

An aqueous solution of X is added slowly to an aque-

ous solution of Y as shown in List I. The variation in
conductivity of these reactions is given in List I1. Match

Bl1

List-I List-II
P.  (C,H,);N+CH,COOH 1. Conductivity
X Y decreases and then
increases
Q. KI(0.1M) +AgNO,(0.01M) 2 Conductivity
X Y decreases and then
does not change much
R. CH,COOH+KOH 3. Conductivity
X Y increases and then
does not change
much
S. NaOH+HI 4, Conductivity does
not
X X change much and
then increases
Codes :
P Q R S
) 3 4 2 1
b 4 3 2 1
ey e= 2 3 4 1
(d 1 4 3 2
22. Match the following, choosing one item from column X
and one from column Y.
[Multiple Concepts, 1982 - 2 Marks]
X L
(i) neutrons (p) Kohlrausch
(i) molecular speed () van der Waals
(i) intermolecular forces (r) Maxwell
(iv) conductance of ions  (s) Chadwick

Chemical reactions involve interaction of atoms and molecules.
A large number of atoms/molecules (approximately 6.023 x 10%)
are present in a few grams of any chemical compound varying
with their atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept
has implications in diverse areas such as analytical chemistry,
biochemistry, electrochemistry and radiochemistry. The following
example illustrates a typical case, involving chemical/
electrochemical reaction, which requires a clear understanding
of the mole concept.

A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of
this solution is electrolysed. This leads to the evolution of
chlorine gas at one of the electrodes (atomic mass : Na = 23,
Hg=200: 1 Faraday = 96500 coulombs).

23. The total number of moles of chlorine gas evolved is
[2007]
(a) 05 (b) 10 (c) 20 (d) 3.0

24, [fthe cathode is a Hg electrode, the maximum weight (g) of
amalgam formed from this selution is [2007]

(a) 200 (b) 225 (c) 400 (d) 446

Get More Learning Materials Here : &

list T with List IT and select the correct answer using the
code given below the lists : [Adv. 2013]

25. The total charge (coulombs) required for complete

electrolysis is [2007]

(a3 24125 (b) 48250 (c) 96500 (d) 193000
m &N www.studentbro.in
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= g A 32. In a fuel cell, hydrogen and oxygen react to produce
%’-] o e Bas L electricity. In the process, hydrogen gas is oxidised at the
26. We have taken a saturated solution of AgBr. K| of AgBr anode and oxygen at the cathode. If67.2 litre of H, at STP
is 12 x 10714, If 10~ mole of AgNO are added to 1 litre of react in 15 minutes, what is the average current produced?
this solution, find conductivity (specific conductance) of Ifthe entire current is used for electro deposition of copper
this solution in terms of 10~7 S m~! units. Given, Molar from copper (IT) solution, how many grams of copper will
conductance of Ag™, Br~ and NO,~ are 6x10~* Sm?mol !, be deposited? [1988 - 4 Marks]
8%10-3 Sm?mol! and 7% 10~ Sm?mol . [2006 - 6M] Anodereaction : H, +20H" — 2H,0 +2¢
27. Copper sulphate solution (250 mL) was electrolysed using ) 1 1
a platinum anode and a copper cathode. A constant current Cathode reaction : =0, + H,0+2e” — 20H.
of 2 mA was passed for 16 minutes. It was found thatafter 33, Duyring the discharge of a lead storage battery, the density
electrolysis, the absorbance of the solution was reduced of sulphuric acid fell from 1.294 to 1.139 g/mL. Sulphuric
to 50% of its original value. Calculate the concentration of acid of density 1.294 g/mL is 39% by weight and that of
copper sulphate in the solution to begin with. 1.139 g/mL is 20% H,SO, by weight. The battery holds 3.5
(2000 - 3 Marks] litres of the acid and the volume remained practically
28. How many grams of silver could be plated out on a serving constant during the discharge.
tray by electrolysis of a solution containing silver in +1 Calculate the number of ampere-hours for which the battery
oxidation state for a period of 8.0 hours at a current of 8.46 must have been used. The charging and discharging
amperes? What is the area of the tray if the thickness of reactions are : [1986 - 5 Marks]
the silver plating is 0.00254 cm? Density of silver is Anode:
10.5 gfem?. [1997 - 3 Marks] Bl 5 3
29. Chromium metal can be plated out from an acidic solution Pb+ SO, =PbSO, +2e (discharging)
containing CrO, according to the following equation. Cathode :
CrO;(aq) +6H ™ (ag) + 6™ — Cr(s) +3H,0 PbO, +4H" + SOﬁA +2e =PbSO, + 2H,0 (discharging)
Calculate (i) how many grams of chromium will be plated Note : Both the reactions take place at the anode and
out by 24,000 coulombs and (ii) how long will it take to cathode respectively during discharge. Both reaction get
plate out 1.5 g of chromium by using 12.5 amp current. reverse during charging,
[1993-2Marks] 34. In an electrolysis experiment, current, was passed for 5
30. Calculate the quantity of electricity that would be required hours through two cells connected in series. The first cell
to reduce 12.3 g of nitrobenzene to aniline, if the current contains a solution of gold and the second contains copper
efficiency for the process is 50 per cent. If the potential sulphate solution. 9.85 g of gold was deposited in the first
drop across the cell is 3.0 volts, how much energy will be cell. Ifthe oxidation number of gold is +3, find the amount
consumed? [1990 - 3 Marks] of copper deposited on the cathode of the second cell.
31. Anacidic solution of Cu®* salt containing 0.4 g of Cu®* is Also caleulate the magnitude of the current in amperes.
electrolysed until all the copper is deposited. The (1 faraday = 96,500 coulombs) [1983 - 3 Marks]|
electrolysis is continued for seven more minutes with the
volume of solution kept at 100 mL. and the currentat 1.2
amp. Calculate the volume of gases evolved at NTP during
the entire electrolysis. [1989 - 5 Marks]
%‘ Topic-2: Nernst Equation, Commerical Cells and Corrosion
Y 7 [M* (aq)]
&) By =0.092Vwhen WG 1o adv.2016]
1.  Forthe following cell, (M " (an)] RT
Zn(s) | ZnSO,(aq) | CuSO (aq) | Cu(s) Given: E° 4, .2, =0.151V; 2303 —=0.059 V_
when the concentration of Zn?" is 10 times the concentration The val o ¢ s F
of Cu?*, the expression for AG (in J mol ') is [F'is Faraday o Vz e
constant: R is gas constant; T is temperature; E® (cell) 3 gl) i (b) ._l I (©) . ! : @ 2
~11V] [Adv.2017] . ‘onsider the follow)rmg cell reaction: [2011]
2Fe(s)+ O,(g) +4H"(aq) — 2Fe*"(aq) + 2H,0(1); E°=1.67V
o gl P (B) SRUBRESZIK At [Fe*] = 10-*M, P(O,) = 0.1 atm and pH =3, the cell
(c) 2303RT+1.1F (d) -22F el - P >

2.  For the following electrochemical cell at 298 K,
Pt(s)| H,(g, | bar) |H' (aq, 1 M) || M* (aq), M** (aq) | P1(s)

Get More Learning Materials Here : & m

potential at 25°C is
@) 147V (b)) 177V (o 187V (d 157V
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The rusting of iron takes place as follows [2005S]
2H" +2¢ +%0, —— HO(D); E°= 23N

Fe*' +2e — Fe(s); E°=-044V

Calculate AG® for the net process

(a) —322k mol™ (b) —161kJmol™’

(c) —152kImol (d) -76kJmol™

The emf of the cell [2004S]

Zn|Zn* (0.01 M) | |Fe?* (0.001 M) | Fe
at 298 K is 0.2905 then the value of equilibrium constant
for the cell reaction is

0.32 032 026 032
(a) e0.0295 (b) 100.0295 (©) 100.0295 (d) 100.0591
In the electrolytic cell, flow of electrons is from [2003S]
(a) Cathode to anode in solution
(b) Cathode to anode through external supply
(¢) Cathode to anode through internal supply
(d) Anode to cathode through internal supply
Standard electrode potential data are useful for
understanding the suitability of an oxidant in a redox
titration. Some half cell reactions and their standard
potentials are given below : [2002S]

MnOj (aq) +8H (aq) + 5¢~ — Mn”* (aq) + 4H,0(1)

0.32

E°=151V
Cr03 (aq) +14H" (ag) + 6e~ — 2Cr>" (aq) + 7H,0(1)
E=138V

Fe'* (aq) +¢~ — Fe?" (aq) E°=0.77V
c12(g) +2¢ — 2C1(aq) =140V

Identify the only incorrect statement regarding the
quantitative estimation of aqueous Fe(NO,),

(a) MnOj can be used in aqueous HCl

(b) Cr,07 canbe used in aqueous HCI

(¢) MnQO; can be used in aqueous H,SO,

(d) Cr,0% can be used in aqueous H,SO,

Saturated sol ution of KNO, is used to make “salt—bridge’
because [2001S]

(a) velocity of K is greater than that of NO3
(b) velocity of NOJ3 is greater than that of K*

(c) velocities of both K" and NOj are nearly the same
(d) KNO, is highly soluble in water

For the eIectmchcmlcal cell, M| M*|| X~ | X, ES(M*/ M)=
0.44V and E°(X/ X7)=0.33V.

From this data one can deduce that [2000S]
(a) M+X-—>M"+X isthe spontaneous reaction

(b) M*+X — M+ Xis the spontaneous reaction

) B ,=0TV

(d) E f==070N

A gas X at 1 atm is bubbled through a solution containing
amixtureof | M Y~ and 1 M Z™ at 25°C. If the reduction
potential of Z> ¥'> X, then, [1999 - 2 Marks]
(a) Ywill oxidize Xand not Z

(b) Ywill oxidize Zand notX

(¢) Y will oxidize both Xand Z

(d) Ywill reduce both Xand Z

11.

12.

13.

14.

15.

16.

17.

18.
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The standard reduction potentials of Cu** | Cuand Cu®‘|
Cu' are 0.337 V and 0.153 respectively. The standard
electrode potential of Cu™ (Cu half cell is[1997 - 1 Mark]
(@) 0.184V (b) 0827V (c) 03521V (d) 0490V

A dilute aqueous solution of NaSO, is electrolyzed using
platinum electrodes.The products at the anode and

cathode are: [1996- 1 Mark]
@ O,H, ®) S,0i".Na
(©) O,Na @ S,0 .H,

The standard oxidation potentials, £ °, for the halfreactions
are as [1988 - 1 Mark]
Zn=Z7Zn*"+2e;E°=+0.76 V

Fe=Fer +2¢;, E°=+H041V

The EMF for the cell reaction :

Fel' +Zn — Zn*" + Fe

(a) —035V (b +035V (¢) +L.BIV (d) -117V
A solution of sodium sulphate in water is electrolysed
using inert electrodes. The products at the cathode and
anode are respectively [1987 - 1 Mark]
(@) H,0, (b O,H, (o) (d) 0,80,
The reaction : [1985-1 Mark]
Y2 H,(g) + AgCl(s) —> H'(aq) + CI'(aq) + Ag(s)

occurs in the galvanic cell

(a) Ag|AgCl(s)| KCl(soin) | AgNO; (soln) | Ag

(b) Pt|H.(g)| HCl{(soln) | AgNO, (soln) | Ag

(c) Pt|H,(g)|HCl(soln) | AgCl(s)|Ag

(d) Pt|H(g)|KCl(soln) AgCl(s)|Ag

A solution containing one mole per litre of each Cu(N 03),,
AgNO,: Hg,(NO,).: is being electrolysed by using inert
electrodes. The values of standard electrode potentials in
volts (reduction potentials) are : [1984 - 1 Mark|
Ag/Ag™=+0.80, 2Hg/Hg,” =+0.79

Cuw/Cu™=+0.34, MgMg—=-2.37

With increasing voltage, the sequence of deposition of
metals on the cathode will be :

(a) Ag,Hg, Cu,Mg (b) Mg, Cu, Hg. Ag

(c) Ag, Hg,Cu (d Cu Hg.Ag

The standard reduction potentials at 298 K for the following
half reactions are given againsteach ~ [1981 -1 Mark]

In?(ag)+2e == Zn(s) -0.762
Cr*(ag) +2e — Cr(s) —0.740

2H" (aq) + 2e =—— H,(g) 0000

Fe** (aq) +2e = Fe?'(aq) 0770
which is the strongest reducing agent?
(@ Zn(s) (b) Cr(s)

(d) Fe*(aq)

0, Na

[Adv. 2018]
Mg(s) | Mg*" (ag, 1 M) || Cu** (aq, 1 M)| Cu(s)

the standard emf of the cell is 2.70 V at 300 K. When the
concentration of Mg?" is changed to x M, the cell potential
changes to 2.67 V at 300 K. The value of x is

For the electrochemical cell,
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(given, % =11500K V™! , where F is the Faraday constant

and R is the gas constant, In 10=2.30)

19. All the energy released from the reaction X — ¥, A G° =~
193 kJ mol-! is used for oxidizing M" as M* — M®" + 2¢",
E°=-025V
Under standard conditions, the number of moles of M"
oxidized when one mole of X is converted to Y'is
[F=96500 C mol™] [Adv.2015]

20. The reduction potential (£°, in V) of MnOj (aq)/Mn(s)

B [Adv.2022]

[Given: ;
= . E} N =21

[‘ErMnG;[aq)Jmlsl] =168V lM n0;(s)/Mn> m,)

Eﬁmz*{mr"“ﬂ(s)] bigd
21. Consider an electrochemical cell:
A(s)| 4™ (aq, 2 M) |B™ (aq, 1 M) | B(s).
The value of AH® for the cell reaction is twice that of AG®
at 300 K. Ifthe emfof the cell is zero, the AS® (inJ K~ mol™)
of the cell reaction per mole of B formed at 300 K is :
(Given:In(2) = 0.7, R (universal gas constant)
=8.3JK ' mol . H, S and G are enthalpy, entropy and
Gibbs energy, respectively.) [Adv. 2018]
22. Two students use same stock solution of ZnSO, and a
solution of CuSO,. The emf of one cell is 0.03 V higher
than the other. The conc. of CuSO,, in the cell with higher
emf value is 0.5 M. Find out the conc. of CuSO, in the
other cell (2.203 RT/F=0.06). [2003 - 2 Marks]
23. The standard reduction potential for Cu”*| Cuis +0.34 V.
Calculate the reduction potential at pH = 14 for the above
couple. K of Cu(OH), is 1.0 10 [1996 - 3 Marks]
24. An excess of liquid mercury is added to an acidified
solution of 1.0 x 10-* M Fe**. 1t is found that 5% of Fe**

; ey = 5
remains at equilibrium at 25°C. Calculate E Hel*Hg*

assuming that the only reaction that occurs is
2Hg+2Fe* —_,Hg2t +2Fe?".

(Given E° 2 =0.77V-) [1995 - 4 Marks]

Fe'*|Fe

SRR

25. . Themore............... the standard reduction potential, the
ceererenenn 18 its ability to displace hydrogen from acids.
[1986 - 1 Mark]

26. Thedependence of electrode potential for the electrode M™™/ M
with concentration under STP conditions is given by the
0591

= =
expression: E = E° + = log;o[M"] [1993-1Mark]

Chemistry

27. The correct option(s) about entropy (S) is(are)
[R = gas constant, F = Faraday constant, T = Temperature]

[Adv. 2022]

() For the reaction, M(s)+ 2H"(ag) = H,(g) + M*'(ag), i
fhes R then th h fth i
ar g lhen e entropy change of the reaction

is R (assume that entropy and internal energy changes
are temperature independent).

(b) The cell reaction, Pt(s) | H,(g, 1bar) |[H"(ag, 0.01M) |
H™(ag. 0.1M) | H,(g, 1bar) | Pi(s), is an entropy driven
process.

(c) Forracemization ofan optically active compound, AS
>0,

(d) AS>0, for [Ni(H,0)(]*" +3 en — [Ni(en),]** + 6H,0
(where en = ethylenediamine).

28. Some standard electrode potentials at 298 K are given

below : [Adv. 2021]
Pb**/Pb -0.13V
NiZ*/Ni —024V
Cd*/Cd -0.40V
Fe*'/Fe 044V

To a solution containing 0.001 M of X" and 0.1 Mof Y2,
the metal rods X and Y are inserted (at 298 K) and
connected by a conducting wire. This resulted in
dissolution of X. The correct combination(s) of X and Y,
respectively, is (are)
(Given: Gas constant, R=8.314 J K- mol .,
Faraday constant, F = 96500 C mol ')
(a) CdandNi (b) Cdand Fe
(c) NiandPb (d) NiandFe

29, Ina galvanic cell, the salt bridge [Adv. 2014]
(a) Doesnot participate chemically in the cell reaction
(b) Stops thediffusion of ions from one electrode to another
(c) Isnecessary for the occurrence of the cell reaction
(d) Ensures mixing of the two electrolytic solutions

30. For the reduction of NO3 ion in an aqueous solution, E°
is + 0,96 V. Values of E° for some metal ions are given below

V¥ (aq)+26 >V E°=—1.19V
Fe** (ag) + 3 — Fe E°=—0.04V
Au** (ag) +3e— Au E°=+140V
Hg?* (ag) +2e-— Hg E°=+0.86V

The pair(s) of metals that is (are) oxidized by NO; in
aqueous solution is (are) [2009]
(a) VandHg (b) Hgand Fe
(¢) Feand Au (d) FeandV

31. The standard reduction potential values of three metallic
cations, X, Yand Zare 0.52,— 3.03 and — 1.18 V respectively.
The order of reducing power of the corresponding metals

is [1998 - 2 Marks]|
(a) Y>Z=X (b) X>Y>Z
(c) Z=Y=X (d) Z=X>Y
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The standard reduction potential data at 25°C is given
below : [Adv. 2013]
E°(Fe*, Fe2) =+ 0.77 V; E°(F&*", Fe)=—0.44 V; E°(Cu*',
Cu)=+0.34 V; E°(Cu’, Cu)=+0.52V

E°[O,(g) +4H" +4e —2H,0]=+1.23 V; E°[O(g) +
2H,0+4e —>40H]=+0.40V

E3(Cr*,Cr)=-0.74 V; E>(Cr*", Cr)=-091V

Match E® of the redox pair in List-I with the values given
in List-II and select the correct answer using the code
given below the lists:

List-I List-IT
P E°(Fe*,Fe) 1. —0.18V
Q E°(4H,0 == 4H'+40H) 2. -04V
R E°(Cu**+Cu—»2Cu") 3. —0.04V
S BN O 4. -0.83V
Codes:

P Q R S
(@ 4 1 2 3
(b) 2 3 4 1
© 1 2 3 4
(d 3 4 1 2

Passage-1
The electrochemical cell shown below is a concentration cell,
M | M?* (saturated solution of a sparingly soluble salt, MX) | M**
(0.001 mol dm=) | M.
The emfof the cell depends on the difference in concentrations of
M ions at the two electrodes. The emf of the cell at 298 K is

0059V, [2012]
33. The value of AG (kJ mol™) for the given cell is (take 1F
=96500 Cmol ™)
(@ 57 (@® 57 () 114 (d) -114

Passage-11

The concentration of potassium ions inside a biological cell is
atleast twenty times higher than the outside. The resulting
potential difference across the cell is important in several
processes such as transmission of nerve impulses and maintaining
the ion balance. A simple model for such a concentration cell
involving a metal M is
M(s)| M*(ag; 0.05 molar) || M (aq; 1 molar) | M(s)
For the above electrolytic cell the magnitude of the cell potential
IE..i=70mV. [2010]
34. For the above cell

(@) E., <0;AG>0 b) E.;>06AG<0

(©) E.; <0;AG°>0 d E.,;>0,AG°<0
35. Ifthe 0.05 molar solution of M is replaced by a 0.0025

‘molar M" solution, then the magnitude of the cell potential

would be

(@ 35mV (b) 70mV (¢) 140mV (d) 700mV

B15

Passage: IT1
Redox reactions play a pivotal role in chemistry and biology.
The values of standard redox potential (E°) of two half-cell
reactions decide which way the reaction is expected to proceed.
A simple example is a Daniell cell in which zinc goes into solution
and copper gets deposited. Given below are a set of half-cell
reactions (acidic medium) along with their E° (V with respect to
normal hydrogen electrode) values. Using this data, obtain the

correct explanations to questions given. [2007]
L+2e —»2I E°=0.54
Cl,+2e —2CI E°=136
Mn* + & — Mn?* E°=1.50
Fe'* + e — Fe?* E°=0.77
0,+4H"'+4e - 2H,0 E°=123

36. Among the following, identify the correct statement.

(a) Chlorideion is oxidised by 0,

(b) Fe®' is oxidised by iodine

(c) Iodide ion is oxidised by chlorine

(d) Mn?" is oxidised by chlorine
37. While Fe'' is stable, Mn3" is not stable in acid solution
because
(a) 0, oxideses Mn*>" to Mn**
(b) 0O, oxideses both Mn** to Mn** and Fe** to Fe**
(¢) Fe* oxideses H,0 to O,
(d) Mn*"oxideses H,O to O,
Sodium fusion extract, obtained from aniline, on treatment
with iron (II) sulphate and H,SO, in presence of air gives
a Prussian blue precipitate. The blue colour is due to the
formation of
@ FeFe(CN),
(¢) Fe,[Fe(CN) ],

38.

(b) Fe,[Fe(CN),
(d) Fe,Fe(CN);
Passage-IV
Tollen’s test is given by aldehydes.

Ag'+te — Ag E2,=+0.800V
CeH,,04 + H,0—> CH,,0, + 2H* +2e; E> =005V
Gluconic acid

[Ag(NH,),]' + e —> Ag+2NH,; E°,=0.373V

2.303RT

F ] =5
i ={. — [ =38.92V
Given 0.0591 & (RT

39. Calculate (In K) for [2006 - 5M, -2]
CgHyp04 +2Ag" +H,0 —— C4H;504 + 2HY +2Ag
(a) 556 (b) 296 (c) 66 (d) 5838
On adding NH., pH of the solution increases to 11 then,
identify the effect on potential of half-cell [2006 - 5M, -2]
(@) E,, increased from £ by 0.65 V
(b) E_, decreased from £ _by 0.65V
(¢) E,qincreased from E5, by0.65V
(d) E_,decreased from E° g by 0.65V
41. NH, is used in this reaction rather than any other base.
Select the correct statement out of the following
[2006 - 5M, 2]

40.
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42.

43.

44,

da
th
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(a) [Ag(NH,),]"is a weaker oxidizing agent than Ag"
(b) to dissolve the insoluble silver oxide formed under
the reaction conditions

Ag precipitates gluconic acid as its silver salt

NH; changes the standard reduction potential of

[Ag(NH,),]"

(c)
(d)

10 |
(a) Forthe reaction
Ag*(ag)+Cl™ (aq) == AgCl(s)
Given ;
Species AG: (kJ/mol)
Ag”(aq) +77
Cl” (aq) -129
AgCl (s) - 109

Write the cell representation of above reaction and

calculate Egy at 298 K. Also find the solubility
product of AgCl.

1£6.539 x 102 g of metallic zinc is added to 100 mL
saturated solution of AgCl. Find the value of

og, 12071
“1agt?
How many moles of Ag will be precipitated in the
above reaction. Given that 2005 - 6 Marks]
Agt+e——Ag: E°=080V,;
In* +2¢ —7Zn; E°=-076V
(It was given that Atomic mass of Zn =65.39)
Find the equilibrium constant for the reaction,

(b)

In** +Cu?* — > +Cu* a1298K

given : ECuz‘fCu* =0.15V; E1n2+f1n' =—040V,

E sv =000V [2004 - 4 Marks]

The standard potential of the following cell is 0.23 V at

15°Cand 0.21 V at 35°C. [2001 - 10 Marks]

Pt| H, (g) |HCl(ag) | AgCl(s) | Ag(s)

(i) 'Writethe cell reaction.

(i) Calculate AH® and AS® for the cell reaction by
assuming that these quantities remain unchanged in
therange 15°C t035°C.

(iii) Calculate the solubility of AgCl in water at 25°C.

Given : The standard reduction potential of the

Ag'(aq)/Ag(s) coupleis 0.80V at 25°C,

The following electrochemical cell has been set up.

Pt(1) [Fe, Fe** (a=1)| Ce*, Ce* (a=1)|Pt(2)

E° (Fe¥,Fe¥)=0.77V : E° (Ce"*/ Ce*)=1.61V

If an ammeter is connected between the two platinum

electrodes, predict the direction of flow of current. Will the

current increase or decrease with time? [2000 - 2 Marks]

46.

47.

48.

49,

50.

51,

52.

53,

54.

cnrene €

Chemistry

Acell, Ag | Ag*||Cu®"|Cu, initiallly contains 1 M Ag*and 1
M Cu®* ions. Calculate the change in the cell potential
after the passage 0of9.65 A of current for 1 h.

[1999 - 6 Marks]
Find the solubility product of a saturated solution of
Ag,CrO, in water at 298 K if the emf of the cell Ag | Ag”
(satd. Ag,CrO, soln.) | Ag™(0.1M) | Agis 0.164 Vat 298 K.

[1998 - 6 Marks]
Calculate the equilibrium constant for the reaction,

2Fe’” + 31" == 2Fe’" + I_. The standard reduction
potentials in acidic conditions are 0.77 V and 0.54 V
respectivelyfor Fe** [Fe* and I | I couples. [1998 - 3 Marks]
Calculate the equilibrium constant for the reaction

[1997 -2 Marks]
=0.68V;)

Fe2* 1 Ce** == Fe* + Ce™
2 . o
Cet* 1ce3* =144V; E Fe3* Fe2+

Although aluminium is above hydrogen in the

electrochemical series, it is stable in air and water. Explain.
[1994 - 1 Mark]

The Edison storage cells is represented as

Fe(s) | FeO(s) | KOH(aq) | Ni,O,(s) | Ni(s)

The half-cell reactions are ;

Ni,O,(s) + H,0(]) +2¢- =—= 2NiO,, +20H";

E°=+0.40V

FeO(s) + H,O(l) + 2¢- == Fe(s)+20H; E°=-0.87V
(i) What is the cell reaction ?
(#) What is the cell e.m.f ? How does it depend on the
concentration of KOH?
(¢if) What is the maximum amount of electrical energy that
can be obtained from one mole of Ni,0,?
[1994 - 4 Marks]
The standard reduction potential of the Ag” /Ag electrode
at 298 K is 0.799 V. Given that for Agl, Ksp =8.7 x 10717,
evaluate the potential of the Ag*/Ag electrode in a
saturated solution of Agl. Also calculate the standard
reduction potential of the I/ Agl/Ag electrode.
[1994 - 3 Marks]
The standard reduction potential for the half-cell

NO;3 (ag)+2H" (aq) + e - NO,(g) + H,0 is0.78 V.

(i) Calculate the reduction potential in 8 M H*
(i) What will be the reduction potential of the half-cell in
a neutral solution? Assume all the other species to be at
unit concentration. [1993 - 2 Marks]
An aqueous solution of NaCl on electrolysis gives H,(g),
Cl,(g) and NaOH according to the reaction : )
2CI'(aq)+ 2H,0 = 20H(aq) + H,(g) + ClL,(g).
A direct current of 25 amperes with a current efficiency of
62% is passed through 20 litres of NaCl solution (20% by
weight). Write down the reactions taking place at the anode
and the cathode. How long will it take to produce 1 kg of
CL,? What will be the molarity of the solution with respect
to hydroxide ion? (Assume no loss due to evaporation.)
[1992 - 3 Marks]

(given E°
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55. For the galvanic cell. [1992 -4 Marks] 60. The EMF ofa cell corresponding to the reaction :
Ag|AgCI(s), KCI(0.2 M) || KBr (0.001M), AgBr(s) | Ag Zn(s) + 2H'(aq) — Zn?* + (0.1 M) + H, (g) (1 atm.)
Calculate the EMF generated and assign correct polarity is 0.28 volt at 25°C.
to each electrode for a spontaneous process after taking Write the half-cell reactions and calculate the pH of the
into account the cell reaction at 25°C. solution at the hydrogen electrode.

[K (AgCl)=2.8 %1071 K_(AgBr)=3.3x 10°1] o . ip i

56. Zinc grgfnules are added in excess to a 500 mL. of 1.0 M Epite 1z T 0.76 Vol By ): O 9 IDE6-4 Marks]
nickel nitrate solution at 25°C until the equilibrium is 1. Consider the cell [1982 - 2 Marks]
reached. If the standard reduction potential of Zn*>" | Zn Zn|Zn* (aq) (1.0 M) || Cu** (ag) (1.0 M) | Cu.
and Ni** | Ni are -0.75 V and —0.24 V respectively. find out The standard reduction potentials are :
the concentration of Ni%" in solution at equilibrium. +0.350 volts for 2e~ + Cu?* (aq) — Cu and —0.763 volts for

[1991 - 2 Marks] de+Zn?* (aq) —>7n

57. The standard reduction potential of Cu™"/Cuand Ag 'Ag (i) Write down the cell reaction.

electrodes are 0.337 and 0.799 volt respectively. Construct (1) Calculate the emfofthe cell.

a galvanic cell using these electrodes so that its standard (i) Is the cell reaction spontaneous or not?

e.m.f. is positive, For what concentration of Ag” will the  62. (a) 19 g of molten SnCl, is electrolysed for some time.
e.m.f. of the cell, at 25°C, be zero if the concentration of Inert electrodes are used. 0.119 g of Sn is deposited
Cu™is 0.01 M? [1990 - 3 Marks] at the cathode. No substance is lost during the

58. The standard reduction potential at 25°C of the reaction, electrolysis. Find the ratio of the weights of SnCl,:
2H,0+2e- == H, +20H" is-0.8277V. Calculate the SnCl, after electrolysis. :
equilibrium constant for the reaction 2H,0 == H,0" + (b) A hot solution ofNaC.l In water 1s el.ectro]ysed. h:on
OH-at 25°C. [1989 - 3 Marks] electrpdes are used. Dlapbragm ce_il isnot used. Give

59. A cell contains two hydrogen electrodes. The negative PHpguons for allt]lne chemical reactions that take place
electrode is in contact with a solution of 107 M hydrogen d'jlrmg electroly§1s. : -
ions. The EMF ofthe cell is 0.118 V at 25°C. Calculate the () Pmgthe charge i soylonibs p Y geaving oLl
concentration of hydrogen ions at the positive electrode. (1980]

[1988 - 2 Marks]
? AnswerKey
Topic-1 : Conductance of Electrolytic Solution and Electrolysis

1. (a) 2. @ 3 @ 4. (b 5 (b 6. (d) 7. (c) 8. (N 9. 6 10. (3)
1. (022) 12. (086) 13. (1332) 14. (0154)15. (19.06)16. (125.09)17. (27171.96) 18. (increased)
19. (a,0) 20. (0 21. (3 22, (iH(s) (DA (1D-(q) (iv)-(p) 23. (b)) 24. (d) 25 (@) :

Topic-2 : Nernst Equation, Commercial Cells and Corrosion ; -

1. (b) 2. @ 3. (d) 4. (a) 5 (b 6. (¢ 7. (a) 8. (c) 9. (b) 10. (a) _
e e s e 13. (b) 14. (@) 15 () 16. (c) 17. (a) 18, (100 19, @ 20, (0.77)
21. (-1162)22. (0.05) 23. (-022) 24. (0.792)25. (negative, greater) 26. (False)27. (b,c,d)28. (a,b,c)
29. (@ 30. (abd) 31 (@ 3. (d 33. (d 34. () 35 (0 36. (c) 37. (@ 38 (@
39. (d 40. (a) 41. (b) ' '
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Topic-1: Conductance of Electrolytic

=) Solution and Electrolysis
; A
1. (a) Forweakacid, o = —=
Ay
ca?
K, L = K,(l1-o)=ca
-0
&)
d= (LA TA
Tkiil__,\w_'jzcl .\mJ
{1 d 0
2
ALK, of e ch ALK
Kq ’: d_.L r.nzjKa= r.nz_‘_ nia
g {1’\0] {AO} 40
Divide by ' Ay, !
PN R TR e ey
; \m 1,.-'\0'}2 Ao Am K;s{A(})E Ag
1
1 Slope=——=8§
For the Plot —vsc A, 2
Flot vl K, (o)
.

: 1 p Ao
y—intercept =—=P \, — = ——=K_A
. S AaR 8. v yolsd ey

\Z
Ka (AO_J

Lh
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(@ Sodium stearate at low concentration (i.e., below
CMC) behaves as normal strong electrolyte, but at higher
concetration (i.e. above CMC) exhibits colloidal behaviour
due to-the formation of micelles. Thus, plot (d) correctly
represents relation between A and /C for sodium strearate.
d AgNO,(aq)+KCl(ag)—> AgCl (s) + KNO,(aq)
Conductivity of the solution is almost compensated due
to formation of KNO,(aq). However, after end point,
conductivity increases more rapidly due to addition of
excess AgNO, solution.
(b) Give: ! = 10 milliamperes ; #= 96500 Cmol™!

t=7; Moles of H, produces = 0.01 mol
From the law of electrolysis, we have

I xt(sec)
96500
Substituting given values, we get

Equivalents of H, produces =

_10x 1_{)"1(3111pcrt:s) X t(sec) _

0:01%x2=— 19.3 x 10*sec.
96500 :

(b) As we go down the group 1 (i.e. from Li* to K*), the

ionic radius increases, degree of solvation decreases and

hence effective size decreases resulting in increase in tonic

mobility. Hence, equivalent conductance at infinite dilution
increases in the same order.
(d Chargeofonemoleofelectrons=96500C ... 1 gram
equivalent of substance will be deposited by one mole of
electrons.

W, _E _ Zjit

Y- T E, T Zw

2 B

Here E, & E, are equivalent weights of the ions.
)

A’ (U, Yp) =mA (UPH)+ph (Y™)

= 25m+ 100p=250

= m+4p=10 sadd)

A (Vi Xp)=mA (V)40 2" (X™)

= 100m+ 80n=440

= S5m+4n=22 .(2)
For electrolyte Z_ X, from the given curve,

AZ o Xo)=A (ZX,)-ANC

Slope, m=-4= H
= A=100

For A,,=339 Scm?mol™, /C =0.01 (mol L")
339=A"(Z,X,)-100x0.01

= A’ (ZpX,)=340S cm? mol™

= mi(EZ")+nl2(Z™7) =340
= 50m+80n=340

= 5m+8n=34 ..(3)
From eq. (2) and (3},
n=3andm=2

Putting value of min eq. (1),

p=2

Thereforee m+n+p=2+3+2=7,

(6) The formula for conductance is G = k "f}

Sl =k x ZOZGX]U'SSmn_]
A;:“ S = 1000 = 6x 10 x 1000 S
M 0.0015

* pH=4
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1074

L [H]=10%=ca=0.00150a; o=
(H] 0.0015

c —4
s et WO L 0

AS 00015 AC
400,001
0, Oy 00 3 _6x10%S cm? mol™5 Z =6
10. 3) 1—>HX 2 >HY
A A
o =( mo)}]X @ =( mo)Hr
lm lm

1 0 0
(] —U.)Cl U.lCI U.]Cl
2
i Cy
K =— [ . Jar =
B e [ a<<]l . l-a;=1]

" Ky, =afCf; Ky, =0,Cy

2 == 2
Ka] ZCI(I] 5 Kaz = Cztlz

01 (h":)%" =o.1{l’“ﬂ)2‘f’
() ()
Ky _001(An )iy =0{(Am)m]2

Koy 01(Ap )HY

12
= =103
& 1[10] 10

K,
pK,(HX) - pK (HY) =-log
K,

11. (0.22)

(Am)uy

=-logl03=3

K. = AfnC (yx10%)* xC
a _— —_—

Am(A—Ay)  4x10%(4x10% —yx10%)

Byx102)2x <
20

4x10%(4x10% —3yx10?) 51

An =ﬂx103 S em? mol™!
51
44 102

_ 5. =0.2156 (@=0.22
4x10

20r0.21)
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13.

14.

15.

16.
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(0.86)
(13.32)

1
Hz(g)+502(g)—-—>H20(l}

E® ,=123-000=123V
AG®,,=—nFE’ ; =-2x96500 x 1.23J
. Work derived from this fuel cell using 70% efficiency
=3
=100

=0.7x2x96500% 1.23 x 103=166.17]
For insulated vessel, q =0
Therefore for monoatomic gas,

(- AGW,I)X 1073

w=AU

166.17=nC_ AT; . AT=1332K
. L.70x90

0.154) i= 100 ampere

No. of equivalents of Zn?* which are lost

__ixt  1.70x90x230 -
96500  100x96500 3.646 x10

. Milli equivalents of Zn?* which are lost 3.646
. Initial value of Zn?*= 300 x 0.160 = 2 =96
- Mili equivalents of Zn*" left in solution

=96-3.646=92.354
92.354
= =0.154
[2050,] 2 %300 M
(19.06)
Watt = Volt x Current=>100 = 110 x Current
k100 10
or Current= 0~ 11 amp.
Now we know that,
ves % KE) [Eg s
O=ixt= T % 10 x 3600 x 96500 =0.339F
: : 0.339x112.4
Wt. of cadmium deposited= ————— =19.06 g

(125.09) Volume of the surface =area x thickness

005 1

0.
= 2 =g
80 cm= x T cm 25(:111

Mass of Ag deposited = Volume x Density

|
= ol o
25 % 10.5 g/cm SOg

Cell reaction : Ag* +e— Ag
W 0 it

We know that, — = = = —

eknowthat, -= = == —

21/50  ixt

= Bq wt. of Ag= 108 - -
BBt CAg = 108 i = il

21 i Ixt
50x108 96500

t=125.09 sec
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17. (27171.96) Wt. of Cu deposited = Zit

63.
Electrochemical equivalent of Cu = =h =31.75

Volume of surface = area x thickness
=10x10%x102%=1cc

Weight of Cu= density x volume =8.94 x 1= 8.94 g

According to Faraday’s laws of electrolysis

31.75 g of Cu is deposited by=96500 coulombs of electricity

96500

.. 8.94 g of Cu is deposited by = i x 8.94
=27171.96 coulombs
18. increased; Formed salt will be a strong electrolyte.
-2 2 0 -2
19. (a,¢c) N2H; + 02 —— N2 + H;0
Oxidation  Reduction
(anode) (cathode)

Atanode : N,H, +40H™ —— N, +4H,0 +4¢~
At cathode: O, + 2H,0 +4¢- —— 40H-

Complete reaction : N,H, + O, —— N, +2H,0
Thus, statements (a) and (c) are correct,
20. (o)

(P) KCl+AgNO, —>AgCH +KNO,
CI” ions is replaced by NO3 ions
Conductance will first decrease and then after equiva-
lence point, it will increase P — (3)

(Q) AgNO,+KCl— AgCl +KNO,
Ag? ions is replaced by K* ions
Conductance will first increase slightly and then will
increase further

(R) NaOH+HCl—>NaCl+H,0
OH ions is replaced by Cl™ ions

(S) NaOH+CH,COOH — CH,COONa +H,0, OH" ions s
replaced by CH,COO", ions conductance will first

decrease and them become almost constant due to
buffer formation.

21. @ (P) (C,Hs),N+CH,COOH—
X Y
(C,Hs),NH"CH,CO0"

Initially conductivity increases because on neutralisation
ions are created. After that it becomes practically constant
because X alone cannot form ions.

(Q KI(0.1M)+AgNO; (0.01M)—> Agld+KNO;
X Y

Number ofions in the solution remains constant as only
AgNO, precipitated as Agl. Thereafter, conductance
increases due to increase in number of ions.

Get More Learning Materials Here : &

(R) Initially conductance decreases due to the decrease

in the number of OH ions as OH- is getting replaced
by CH,COO"~ which has poorer conductivity.
Thereafter, it slowly increases due to the increase in
number of H" ions.
(S) Initially it decreases due to decrease in H* ions and

then increases due to the increase in OH~ ions.

22. (i)(s); (iD)~(r); (ii)~(q); (iv)~(p)

23. (b) Reactionatanode: 2CI- —— Cl, +2e”
moles of CI'=4 x 500 % 103 =2

1
moles leEXZ =1

24. (d) 500mL of4.0 molar NaCl has 2 mole of NaCl.
By electrolysis, we can get a maximum of 2 moles of sodium
which can combine with exactly 2 moles of mercury to give

amalgam.
.+ The maximum weight of amalgam which can be formed
from this solution
= weight of 2 mole of sodium + weight of 2 mole of mercury
=2x23+2 x 200=446g
25, (d Na"+e — 5 Na
Total number of moles of Na* discharged at cathode = 2mole
.. The number of electron required for this purpose =2 mole
.. Total charge required
=2 faraday =2 x 96500 = 193000 coulombs.

26. Given: A2 (Agt)=6x107>; AZ (Br ) =8x107;
A (NO3) =7x107 and K, (AgBr)=12x10""*

To find the specific conductivity (k) of the final solution
of AgBr in which AgNO, (107 M) is mixed, we must find
the individual k of the ions.

Of Kepn =K, 4 +K

SRR A
Ag Br NO;

: > -
Again, k = Aq, x molar concentration

Calculation of molar concentration of ions :
Concentration,

[NO3]=10"" moles/L =10 moles/m?>
Let x be the molar concentration of Ag™ from AgBr

=(x+107)x=12x10"1

or x> +1077 x-12x107"% =0; = x=3x10"M
=[Br ]1=3x10"" M =3x10"* moles/m> and
[Ag"1=3x10"+107 =4x107" M=4x10"* moles/m’
Kag* =6x107 x4x10™

=24x1077 (Sm’mol ! xmol/m?) =24x1077S/m

Similarly, %, ~ =8x107 x3x107* = 24x1077 S/m and
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27.

28.

29.
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i -3 -4 _ -7
KNOS_—-?XIO oo 8 SRS b O R /6 )

=Kk =(24+24+7)x1077 S/m=55x10"7 §/m
So, the correct answer is 55,
w = Zit

s 002
or Cu= 56500
63.5
W=—
2x96500

t=16 % 60 sec
x2x](}_3x16x60

_ 63.5x16x60x107
96500
Wt. of Cu at 50% electrolysis of CuSO,

_ 63.5x16x60x1073
96500
Wt. of Cu at 100% electrolysis of CuSO,

_ 63.5x2x16x60x10™

g =0.198 x 63.5x10"%g

96500
CuSO, = Cu =0.198 x 10*mol.
I8 fCuSO —0198><10‘4><1000 :
. Conc. of CuSO, =0. 7%

=7.95 x 1075 mol/L

Eit  107.8x8.46x8x 60 x 60

= = = 34.02
A2~ 96500 96500 g
34.02
=222 2324 om?
Volume of Ag 105 cm
. = ———=1275.6em?
.. Surface area 00054 cm
CrO,+6H"+66- —— Cr+ 3H,0
Eq. wt. of Cr
At wt.
~ No. of Electrons lost or gained by one molecule of Cr
2
Tl
; : 52
i - 96500 coulomb deposit= = gCr
32 24000
00 bdeposit=— x ——
24000 coulomb deposi 5 X 36500
=2.1554 g of Cr
¥ ; _ 52
(i) Alsogiven, w, =1.5gi= 12.5 ampere, t=2,E = %
Eit i's 32x125x¢
¥ g dilstinees i,
"~ 96500 7T 6% 96500

2. r=1336.15 second

30.

31.

32.

Chemistry

CHNO,+ 6H + 66~ —— C¢H,NH, +2H,0
M.wt, 123

Eq. wt of C;HNO, = s =3
Eit o 501'0

W T T +» current efficiency = 50%

DO Ll bt 2l U 115800 Coulomb
- B T T e I T E— K= =
S X100%96500 ° 1 1= ¢ s

Energy used = 115800 » 3 =347.4 kJ.
The chemical reactions taking place at the two electrodes are
Atcathode: Cu® +2e —Cu

H,0 == H'+OH
Only Cu?* ions will be discharged so as these are present
in solution and H™ ions will be discharged only when all
the Cu?* ions have been deposited.
Atanode: 20H —H,0+0+2e"

0+0-0,

Thusin first case, Cu®* ion will be discharged at the cathode
and O, gas at the anode. Let us calculate the volume of
gas (O,) discharged during electrolysis.
According to Faraday’s second law
31.75 g Cu=8 g of oxygen = 5.6 litres of O, at NTP

04gCu= 3:1; 35 % 0.4 litres of O, at NTP

=0.07055 litres = 70.55 mL
Asexplained earlier, when all the Cu?* ion will be deposited
at cathode, H" ions will start going to cathode liberating
hydrogen (H,) gas, i.e.
e H+H-H,
However, the anode reaction remains same as previous,
Thus in the second (latter) case, amount of H, collected at
cathode should be calculated.
8gof0,=1gofH,
5.6 litres of O, at NTP = 11.2 litres of hydrogen
Quantity of electricity passed after 1st electrolysis,
ie, Q=ixt=12x7x60=504 coulombs

5.6 x 504
96500
Similarly, H, liberated by 504 coulombs

504
=11.2%——r-" =48R L
96500 58.48m

(Twice the volume of O, liberated in latter phase
=2%2024=5848mL)

Total volume of O, liberated =70.55 +29.24 = 99,79 mL,

Vol. of H, liberated = 58.48 mL

For the given reactions, it is obvious that 22.4 litres of H,

gasrequire 2 Faraday electricity:. A

~. 67.2 litres of H, will produce = 6 Faraday electricity

O=ix1;6%x96500=ix15x60

6% 96500

= 15x60 _043.3ampere

504 coulombs will liberate = =29.24mL of O,
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Calculation of amount of Cu deposited by 6 F

63
Since | F deposits = g 31.75gof Cu

6 Fwill deposit=31.75 x6g=190.50 g
In lead storage battery, the anodic and cathodic reactions
during discharge (or operation or working) are as :
(i) Anodic reaction :

Pb(s) + SO;~(ag)—> PbSO,(s) + 2¢-
(if) Cathodic reaction :

PbO,(s) + SO~ (aq) + 4H* (aq) + 2¢~ :

— PbSO,(s) +2H,0(1)

In both the half cell reactions, H,S0, is consumed and
hence, conc. of H,SO, decreases during the working
(discharging, of the battery. For the withdrawl of 2F =2 x
96500 C of electric charge, 2 mol of H,SO, are consumed.
Density of H,SO, solution (used as electrolyte) falls during
working of the cell,
Both reactions get reversed on charging the battery, leading
to regeneration of H,SO, as :
Formerly anode but now cathode (recharging)

PbSO, (s) +2e— Pb(s) + SO (aq)
Formerly cathode but now anode :
PbSO (s) + 2H,0(1) — PbO,(s) + SO3 (aq) + 4H'(aq) + 2¢
Molarity of H,SO, before electrolysis

_39x1.294x1000

~ 98x100

=515M
Moles of H,S0, before electrolysis

=5.15%3.5=18.025
Molarity of H,SO, after electrolysis

_ 20x1.139x1000
© 98100
=232M
Moles of H,SO, after electrolysis
=232x%35=8.12
The overall discharging reaction is :

Pb(s) + PbO,(s) + 2803~ +4H" —— 2PbSO, +2H,0
Here, 2SO7" requires 2e~ hence n-factor = 1

Le. Ny,s0, =Mpy,so,
Equivalent mass of H,SO, =98/1 =98
Moles or equivalents of H,SO, used
=18.025-8.12=9.905
Number of coulomb required = 9.905 x 96500
[ % t=955350 A-s
=265.375 A-h
Gold deposited in the first cell=9.85 g
At. wt. of Gold = 197, Oxidation number of gold =+3

197
Eq. Wt. of Gold = 5

E]

1.

2.

8127

W="Zit
-+ Chargerequired to deposit 1 geq. of gold = 1F=96,500 C
- Charge required to deposit 9.85 g of gold or

9.85

o J6500X985%3
—— _geq. ofgold= ———————
197/3° + 8 197

=965x5x3C=14475C
According to Faraday’s second law,

Wt.of Cu Wt of Gold
Eq wt.of Cu  Eq.wt. of Gold
B3x3 5
= Wt. of Cu deposited = 22223 x 633 _ 476754
197 2
. Q 14475 193 .
urrent= . = 5x3600 A= 240 A=0.8042 A

Topic-2: Nernst Equation,
Commercial Cells and Corrosion

®) Zn(s)+ Cu?*(aq) — Zn2" (ag) + Cu(s)

o]

AG=AG°+2.303RTlog, 0; 0= =———=
10 [Cu:“}

[AG®=-nFE?]=-2x Fx 1.1
Given [Zn*"]= 10[Cu?']

AG==2F(1.1)+2.303 RTlog,;10=2.303 RT-2.2F
@ Atanode: H,(g) == 2H"(aq) +2¢"
At cathode : M** (aq) +2¢- == M?*(aq)

Net cell reaction : Hy(g) + M* (aq) == 2H'(aq) + M?* (aq)

=] o

Now, Eoyy= | Eyyts jy2e = Egge e

0089 H PM*
44
n By, M ]

l2 x M
or, 0.092=(0.151—0)-%5—9. lo o e

2 lx[M"""]
[M4+] = 102:>X=2
(d Heren=4,and[H"]=10Pi=10"3
Applying Nernst equation
B o 0.{:;5910g [Fe** ?

n [T po,
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=32
o167 g U )
4 (107°)" x0.1
0.03
=167 -Tlogl{f =1.67-0.105=1.565V
(@) Fe(s)—— Fe** +2e; E°=04V
2H++ 26+ %0,—>HO(); E°=+1.23V

Fe(s)+2H" + %0,—> Fe*" + H,0;
E2,=044+1.23=167V
AG®=-nFE2, =2 % 96500  1.67=-322k]

cell
(®) Cellreaction : Zn+Fe?" ——Zn** +Fe
Using Nernst equation

o 00591 |zZn**
Egell = Egepl — T}Og{ Fel* :{

« 0.0591
Egenn = Ecen — —2‘ng o
At298K, E=0.2905

0.0591

Ely =0.2905 + =0.32

0.32
0.0591 0.0295

or (32= TlogKeq_ or Koy
(¢) In an electrolytic cell, electrons do not flow
themselves. It is the migration of ions towards oppositely
charged electrodes that indirectly constitutes the flow of
electrons from cathode to anode through internal supply.
(@ MnO, will oxidise Cl~ ion according to the following
equation:

2MnOj +16H* +10CI” —>2Mn** +8H,0 + 5C1, T

The cell corresponding to this reaction is as follows :
Pt, Cl, (1 atm) | Cl- || MnO,~, Mn**, H| Pt
E°,=151-140=0.11V

E? , being +ve, AG® will be —ve and hence, the above
reaction is feasible. MnO; will not only oxidise Fe** ion
but also CI” ion simultaneously. So, the quantitative
estimation of aq Fe(NO,), cannot be done by this.

(¢) The salt used to make ‘salt-bridge’ must be such
that the ionic mobility of cation and anion are of comparable
order so that they can keep the anode and cathode half
cells neutral at all times. KNO, is used becasue velocities
of K" and NO;™ ions are nearly same.

®) ForM +X — M+X E =044-033=0.11Vis
positive, hence reaction is spontaneous.

(a) Thegiven order of reduction potentials is Z> Y>X. A
spontaneous reaction will have the following characteristics:
(i) Zreduced and Y oxidised,

(1) Zreduced and X oxidised and

(i) ¥ reduced and X oxidised

Hence, ¥ will oxidise X" and not Z.

11.

1072 12.

—100.0295 13.

14.

Chemistry

(¢) We have
Half -cell Half-cell reaction AG®°=—-nFE®

2+ 2+ =7 a__ o
Co*|Cu Cp*+2e7=Cu  AG = 2FE{:u’-*§Cu

Cu?|Cu* Cu¥*+e=Cu*  AG,=—FE, 2.

Cu*

o

+ L et et
Cu"|Cu Cu'+e=Cu AGy = FECu+|cu

From the half-cell reactions, it follows that

AG; = AG, - AG;

ke, ‘FEcu*ICu = _2FECu2*|Cu '(—FEcu2*|cu+)

of Ecoticu = 2Eevtticn ~ Ecu?icut
=2(0337V)-0.153V=0.521V

(@ H,0is morereadilyreduced at cathode than Na*, It is

also more readily oxidized at anode than SO ™. Hence, the

electrode reactions are
2H,0+2¢” —— H, T+ 20H [at cathode]
1 =
H,0 — -2—02 T+2H7 + 2¢™ [atanode]

®)

() In a galvanic cell oxidation occurs at anode and
reduction occurs at cathode.

(i) Oxidation occurs at electrode having higher
oxidation potential and it behaves as anode and other
electrode acts as cathode.

@) E. ,=E.-E,

ell 2
(substitute reduction potential at both places).

Fe?* +7Zn —— an"" + Fe

» Zn—s Zn't +2¢” and Fez+ +2e —3Fe
.. Zn is anode and Fe is cathode.
E_,=E.—E,=-041-(-0.76)=0.35V.

cell

(a) Water is reduced at the cathode and oxidized at the

anode instead of Na* and SO; ™.
Cathode : 2H,0 +2¢- —H, + 20H ; E°=-083V

1
Anode : H,O — 2H" + 502+2e‘;E'°=—1.23V
Note : The standard electrode, reduction potential of Na*
is less than that of water.

Nat+e"— Na(s) E°=-271V
oxidation
The standard electrode, oxidation potential of SO~ is less

than that of water.

2803 ——8,0% +2¢” E°=-201V
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15. (¢) Oxidation is loss of electron and in a galvanic cell it
occurs at anode. Reduction is gain of electron and in a
galvanic cell it occurs at cathode.

Cell representation :

Anode / Anodic electrolyte || Cathodic electrolyte / Cathode
Reaction at Anode: H, —» 2H" + 2e~

Reaction at Cathode : AgCl + e~ — Ag+Cl-

16. (c) Thereduction potentials (as given) of the ions are in

the order :

Ag" > Hg? > Cu** > Mg*

Mg?* (aq.) will not be reduced as its reduction potential is
much lower than that of water (=0.83 V).

Hence, the sequence of deposition of the metals will be
Ag, Hg, Cu.

17. (a) More negative is the value of reduction potential,
higher will be the reducing property, i.e., the power to give
up electrons.

18. (10) Mg (s)—>Mg?* (ag) + 2¢~

Cu?* (ag)+2¢” ——>Cu(s)
Mg (s) + Cu®* (ag) —— Mg?* (aq) + Cu(s)
: a RT
Ecenl = Egep ———Inx
Em260=27~ i
nF= "1
3= —390—]r1x
2x11500
23=Inx;x=10
19. ) X—s1; AG°=-193 kI mol™!
Mt—— M +2e E°=-025V
Hence AG® for oxidation will be
AG® =—nFE°
=-2 % 96500 x (-0.25) =48250 J=48.25kJ
48.25 k] energy oxidises one mole M*
o 193
193 kJ energy oxidises 4825 mole M" =4 mole M"
20. (0.77)
ﬂﬂo; g M s t2e | aor _ *2e
E; =168V E,=121V E;=-1.03V
L + Te
E =7
AGy = Gy +AG; +AG;
or.— n4FE: = 1'[11:'];7,}j = nzFE; —n3FE;
[Applying Nernst Eq.]

or - 7E4 =-3E; —2E, - 2E,

o (3x1.68)+(2x1.21)—(2x1.03)
o E;= 2

V=077V

21.

22.

B129
(-11.62)
A(s)| 4™ (aq, 2M) || B (aq, IM) | B (s)
Reactions
Anode (A——> A" +ne )x2
Cathode B*™* 4+2ne” — B

Overall reaction ;

24+ B 240 1B

E=E°—-—}|
np M
n+q2
L
2nF £B2}!+]

RT A 22 RT
=——ln—: F°=2" 3
mF 1 2nF

2nFRT

In4 = -RTIn4

Now, AG® = —2nFE® = —
n

AG® = AH° - TAS® = 2AG° — TAS® (Given AH° = 2AG")

TAS°=AG®

AG® -RTIn4
T £

=—83x2x0.7=-11.62 JK ' mol"!

(0.05) Daniel cell is: Zn | Zn?* || Cu?*|Cu

Let there be two Daniel cells with their E_, as given below:

Zn|Zn** (C))||Cu* (C=?)|Cu,

Ew=E,

Zn|Zn** (C,) || Cu* (C=0.5M)|Cu

Een=E, where E,> E,

According to question, £, ~ E, =0.03 and C, = C,

The cell reaction is

AS°® = =—RIn4d =—Rx2In2

[Zn®*]
[Cu?*]

Zn+Cu** ——Zn?* +Cu,0 =

0.06 C
Thus, E = Egeu = —2—'10gE1 .

006, C
and £, =E§11*Tlﬂg'o—25?

Since, same ZnSO4 is used in both cells C1 = C2

0.06[, C; 0.5
By E = 290%5. <1, 09
S0, 52 2 {ogqu}

So0me %005 1,95y o c=n05M
3 P c

23. (0.22) AtpH=14; [H']=1x 10°¥M; [OH]=10"=IM

(- [H1[OH]=1 % 1071
.. Cu (OH), ionises as follows:
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Cu(OH), = Cu**+20H"
.. K, of Cu(OH), = [Cu®][OH P

1.0 x 1079 =[Cu*][1]*;[Cu?*']=1.0 x 107*M
The standard reduction potential of Cu**/Cu is represented
in the form of following equation:
Cu 2+{::1q) +2e — Cu(s)
On applying Nernst equation

0.0591 1
log

" [Cu®]

0.0591 1
=+0.34- lo
T

={0,34~@x19] ~0.34-0.56=—0.22V

E=E°-

(0.792) 2Hg +2Fe* __, 'Hp*" + 2Fe*
Initial conc. 1.0 = 1073 0 0
—
Eqilb. conc. 0.05 x 1073 &5210— 0.95 x 107?
" 5 0059, [Fe*P[Hg3']
=E 3 2T 2+ i lo
Fe " /Fe Hgs* /Hg n [Fe* 12

Atequilibrium, £=0
0.059

=0=077-E° ,, -
Hg3"/Hg 2

o (0.95x107)2(0.475x107%)
(0.05x1073)%

On usual calculations, E° 2 =0.792V
Hg3" /Hg

negative, greater; Among the various metals, since sodium
has the minimum reduction potential, it must be strongest
reducing agent. In general, more the reduction potential
lesser is its reducing action.

False : When the temperature is 273 K, the value of the
factor will come out as 0.0541 instead of 0.0591. The value
0.0591 comes out at 298 K and not at 273 K.

(byc,d)
(@) M(s)+2H"(aq)— H,(g) + M** (aq)
No. of moles of exchanged e, n=2

dE,
As =nF el _op(R)_op
dT F

(b) Pt(s)|Hy(g), 1 bar |H' (aqg, 0.01 M)| [H" (aq, 0.1 M) |

H,(g, 1 bar) | Pt(s)
2.303RT, 0.01
Ecen = —n}?"'“iog o1

28,

29.

30.

31

32,

2.303RT

=] ECEH: =0 :—)A.G<0

For concentration cell, AH=0

AG=AH-TAS = AS >0

Hence, it is an entropy driven process.

(c) Racemization of an optically active compound is a
spontaneous process, i.e., AG < (.

AsAH=0=AS8>0

(@ [Ni(H,0)4]* +3en—> [Ni(en);]** +6H,0
more stable

The no. of molecules in the product side is increasing
hence, AS > 0.
(a,b,¢)

X(s) > X*2(0.001M) + 2¢™ (anode)
Y*2(0.1M) +2¢™ — Y(s)(cathode)

X+2
Y+2

0.06
Ecen = E%en -—2——108

E oy =E° +0.06

(@ Cd(X)andNi(Y)E°,=+04-024;E,;=0.22

(b) Cd(X)andFe(Y)E°,;=-0.04;E . =0.02

(¢) Ni(X)andPb(Y)E°;=0.11;E_4=0.17

(d) Ni(X)andFe(Y)E® 5,,=-0.2;E_,=-0.14

Since in (a) (b) (c), E_, is positive, hence answer is (a) (b) (c).
(a) Salt bridge is introduced to keep the solutions of two
electrades separate, so that the ions in electrodes do not
mix freely with each other. Salt bridge maintains the
diffusion of ions from one electrode to another.

(a,b,d)

The species having less reduction potential with respect
to NOj (£° =+ 0,96 V) will be oxidised by NO, . These
species are V, Fe and Hg.

(a) More negative or lower is the reduction potential,
more is the reducing property. Thus, the reducing power
of the corresponding metal will follow the reverse order,
ie.Y>Z>X -

+0.77V ~0.44V

.‘Fel+

) et -t —— >Fe
n=| n=2 T
xV n=3
QGO - A 8] 0
Fet/Fe GFe3+.*’Fez+ +AGF32+£FE
3% FE° =—1xFE° 4
= (Fe* /Fe) (Fe*3 /Fet?

+(—2><FE° ’ )
re'~/Fe

= 3xx=1x%077+2x(-0.44)
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= xz_%v ~0.04V.
Q 2H,0—— 0, +4H" +4¢”  E°=-1.23V
4e+0, +2H,0—>40H" E°=+040V
4H,0——>4H" +40H" E°=-083V
®) Cu**+2e——Cu E°=+0.34V
y—a2CU 476 ES==052V
Cuth+Cui=yCa’ E°=-0.18V
® ot —toor’ ﬂLCr
—074V, n=3
1x142%x(=091)=3x(~0.74)
x-182=-222 = x=-04V
() Atanode: M(s)+2X (aq) — MX (aq) +2e”
Atcathode : M2 (aq) +2e —> M(s)
Thus, here n=2
AG—-—}IFE

==2X 96500 x{) 059 % 103 kl/mole=- 11.4 kI/ mole

®)  M(s)+ M (ag)IM — M " (aq)(.05M) + M (s)
According to Nernst equation,

= 230RT, M (osm)
l..e
F M)
- U—Mlogﬁx 107) =+ve
Hence, |E,,|=E,,;=0.070V and AG < 0 for the feasibility

of the reaction.

For concentration cell, Ece“ =0

= il 2
(¢) Fromabove equation log(5x107%) = 0.07

2.303RT 2.303RT
———

x13=007= =0.0538
S0, E, = E.p - 018 log 0.0025
0.0538

=0-

log0.0025 ~ 0.13988V = 140mV

(© 20 +Cl, ——1; +2CI°
FP=E° 4E° _ =-0.54+1.36; E°=0.82V
i,  Chcl
E® is positive hence, iodide ion is oxidized by chlorine.
@ 4Mn** +2H,0——4Mn** +0, +4H"

Q

3+ a2t T EH20/05 =150+(-123)=027V

Reaction is feasible, [ .. E° is positive]

cornne €)

B131

38. (a) The precipitate formed in this reaction is of
m
Fe, [ Fe(CN)],.
39. (d) Inthe given reaction,
Ag" ions ate reduce to Ag and Glucose is oxidised to
gluconic acid as per the given reactions,

Agt +e” — Ag; E24 =+0.800V and

C6H1206 * Hzo — CGHIEO? A 2H + 25_;
‘Gluconic acid

ES, =—0.05V
Hence, £, =0.8-0.05=0.75V
AGYy =—nFE =-2Fx0.75=-RTIn K

=K =R—I;(o.?5) =2x38.92x0.75 = 58.38

40. (a) Forthe reaction,

CﬁHuOﬁ - HIO —_— CﬁHHO? < 3 2H+ +2e”

Gluconic acid

0.0591

B =FER— 00591 [P] —h = log[H*’]2
Ty B

E—E“:—@ 2(—pH) =0.0591x11=10.65

80, E, . i iNCTEASES OVEr EJ 0y 0 by 0.65 V.

41. (b) During Tollen’s test, oxidation of silver ion requires
an alkaline medium. Under these conditions it forms
insoluble silver oxide, hence to dissolve this oxide a
complexing agent, ammonia is added, which brings silver
ion as diamminosilver (1) ion, [Ag(NH,),]". Itis a soluble
complex.

42. (a) From the given details, the reactions can be written as:

At anode: Ag(s)+Cl (aq) ——>AgCl(s) +e-
At cathode: Ag'(aq)+e”
Complete reaction Ag"(aq)+Cl (aq)—> AgCl(s)

——>Ag(s)

Hence, cell representation is

Ag(s)|AgCL(s)| c17(aq) | |Ag™ (aq)| Ag(s)

AG® = AGy (AgCl)- [AG7(Ag") +AG(CI)]
=—109—(-129+77)=-57 kl/mol =— 57000 J/mol

We know that, AG® =—-nFE,

—57000 =—1 x 96500 % E_y
(. n=electron transferred = 1)

E;eu = M = .59 volts
96500

0.0591

Again E:'.e" = IOgK

C

00591, AgCl
" [Ag"][CI7]

oL Eccil =
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. 00591 1
Boy ==——log| —
1 g

or 0.59=-0.05%0g K,

erongp =—10 =% K_f;p =10—lﬂ

(b) When Zn is added to 100 mL of saturated AgCl]
solution.

2Ag" +Zn(s) = 2Ag(s)+Zn>*
Agt +e7 = Ag; E°=0.80V
It +2e" = Zn; FP=—076V

Ecell = EAg+,'Ag(5) —EZn2+|Zn{s]
=0.80—(—0.76)=1.56 V
; 0.059 1 [Zn*]
= —_— og 0
cell n 1 [Ag+]2
0. Zn?*
= 1.56= Osglogm[ o 2]
2 [Ag™]
[Zn**]
= logyy A +]2 =529

As the value of equilbrium constant is very high so
the reaction moves in forward direction completely.

[Ag*] from (a)= 10710 =10~5
[( Ky =10710 = [AgT] [C17]]

1073 %100

1000
43. Therequired reaction can be obtained in the following way.

AG°=—-0.15F
AG°=+H040 F

AG°=—084F

-, Ag’in 100 mL of solution = =107 mol.

Cu*t +e-—scut
It e —s ',

It — s In't+0e

Onadding, Cu®* + In** — > In3* +Cu™, F°=-059F
Now we know that—n FE°=—0.59 F

OF —Eg =—0.59V or Eg) =0.59V

0.0591 :
Ecenn = Egell — : log K.
; 1
Eeen =0, 0.59 =9—'3'15—91og1<c
0.59
logK.=——_=10 . = 1010
Bhenpi 0 ESW
44. (i) Thehalfcell reactionsare
1 =
At anode EHE (g)——>H+(aq}+e
Atcathode  AgCl(s)+e” — Ag(s)+ Cl™ (aq)

Get More Learning Materials Here : &

Chemistry

1
The cell reaction Z H; (g) +AgCl(s)

= H(aq) + Ag(s) + Cl ™ (aq)

dEO

dr
n — No, of transferred electrons = 1
F — faraday number = 96500 coulombs
dE° — Difference of electrode potential at two
different temperatures =(0.21 -0.23) =-0.02V
dT — Difference of two temperatures

=(35°C-15°C)=20°C
-0.02

(i) We know that AS® = nF

5 AS® =1x96500x

=~96.51 /K mole .

ETS =0.23V; AG®=—nE°F
50 AG®|5 = =1x0.23%96500] = —22195 Jmole

AH® = AG°—TAS® = -22195-288 x (-96.5)
=—49987 J/mole.

(i#) Ejq.. ofcell

By =[0.23-9Qx 10|V =022v
a7 20

The corresponding cell is represented as :

Ag(s) | Aglag) [l Cliygy(AgCl,)) | Agy

In form of oxidised electrode potential

EPa=E R o PR oAg;"Ag"’ =i AglAgClCI
=-0.80~-(0.22)= 0.58V

0.0591
9 —log; K
E = g0 eq

cell =
AgCl, == Ag'+CI

0.0591

_,_ 0.0591
L logjo[Ag™][CI™] =

I"')gl 0 Ks_u

0.0591
1
orlog, K, =-9.8139=10.1861; K, =1.54 x 10-10

K, of AgCl= 1.54 x 1071 (mole Litre~!)?
Solubility of AgCl1

= K =V1.54x107"° =1.24x10 " mole/ L

= o s
=161V, B2, o, =077V

Therefore —0.58 = logyg Ky,

: 0
45. leen, ECE4+J’C33+

Thus for ES,;; tobepositive, following reaction should occur

e

Ce™ +Fe®* — 5 Fe¥* + Q¥

Hence, Ce*/Ce3* electrode will act as cathode and
Fe’" / Fe?* electrode will act as anode.

Therefore, current will flow from Ce electrode to Fe electrode.
Current will decrease with time,
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Note that the given cell will not work as electrochemical
cell since E°qp. » E QOPA3+
The equation for electro-chemical cells will be:
Cu - Cu?*+ 2e
2AgT +2e — 2Ag
Thus, e.m.f. of cell Cu | Cu?*" || Ag*|Ag will be

! AaT 2
0.059 log[ g:p],

2 [Cu™]

-+ [Ag"] = IMand [Cu®*]= 1M
Ecell = EOOPCu * EORPAg

Ecen = EOOP@ +E°§U’Ag +

[E°cel| =E°op., +E ORPAg] = Egg = E%

After the passage of 9,65 ampere for 1 hri.e. 9.65 x 60 x 60
Coulomb charge,during which the cell reactions are reversed,
the Ag metal passes in solution state and Cu?* ions are

discharged. The reactions during the passage of current are:
2Ag > 2Ag"+2e¢ and Cu*'+2e — Cu

9.65x60x60
+ = —_— =) =0, 1
Thus, Ag” formi 96500 0.36 eq. = 0.36 mole
Cu?* disch d———g‘ﬁsxmxw =0.36 eq. =0.18 mole
u-" discharged = 96500 =0.36eq.=0.18 mo

Thus, [Ag']left=1+0.36=1.36 mole
[Cu**] left=1-0.18 =0.82 mole.
Now e.m.f. can be given as:

. 0059, (136)
Egenn = E%cen +—2'—10E—0fﬁ—=
Thus, E, increases by 0.010 V.
The cell reaction can be written as:

Ag|Ag'(Ag,CrO,Sat.) || Ag* (0.1M) | Ag; £=0.164V

E° o +0.010V

Atcathode: Agl g 7€ —— AS
Atanode: Ag __, Ag' .. te

Netreaction : Ag® . o — 5 Ag . 4; E=0.164V
Thus here,n=1,E=0.164 V,[Ag] 0. =0-1M
Let the solubility of Ag,CrO, be SM
Since, Ag,CrO, gives 2 Ag".
.. Here, concentration of [Ag"]
0.059 o [Product]

n [Reactant]
(for a concentration cell, £°=0)

0.059

[Ag"]
- 0.164= - log 0

1 [Ag" keathode

0.059. 28
0l6a=~——1Ilog

1 0.1

0162 0059, 01
orlot= -, =85

=25M

anode

E=E°-

5. 25=1.697 x 104

48.

49.

50.

51.

52.

Hence, §=0.8485 x 10~ M
For Ag,CrO4;Ag,CrO, — 2Ag"+Cr0>
K,y = (25)*(5)= 45"

Ksp=4 x (0.8485 % 104)°=2.44 x 10712
For the change 2Fe*"+ 31" —— 2Fe*" +1,,,

E° i =E> +E° =0.77-0.54=0.23V
cell RPFe3 + g OPI_.-’IE
0.059. °
Ecenn = Egen — log K.
Atequilibrium, E ;=0 ( Using Nernst equation)

cel

0.059
2

Fe** (aq) —— Fe’* (ag)+e; E°=0.68V

Thus, 0.23= ——logK, .. K.=6.26 x107

Gkt (ag)+e” —— ce** (aq); E° =144V

E°, =144-0.68=+0.76V
Atequilibrium, £ =0
= 0.0591 0.0591
Efcen =——1log10 K, ;0.76= T logio Ke
0.76
or longr = M =12.859 . K. = 7.6 1012

The thin protective layer of oxides of aluminium is formed
which protects the metal from further attack of water and
air and make it stable.

() Given E;Jigo_a,;‘NiO =+040V; Ep.q/p, =—087V

Exioriz0; ~~040V; Eppo =108TV

Fe/FeO

Since Ej, for Fe/FeO > Eg, for NiO/Ni,O,.

Redox changes can be written as

Atanode : Fe(s) +20H™ — FeO(s) + H,O(I) +2e~
Atcathode : Ni,0,(s) + H,O(1) + 2e” — 2NiO(s) + 20H"
Cell reaction : Fe(s) + Ni,0,(s) — FeO(s) + 2NiO(s)

(1) E.y= EQpresreo + Exp Ni»03/NiO
=0.87+040=127V
It is independent of cone. of KOH.
(#if) Electrical energy=nFE_; =2 x96500] Nl 197V
=245x10°)
E® = Standard reduction potential of the Ag"/Ag electrode
=0.799V
Agl(s) —— Ag" +T"
K_=[Ag"][I"]=8.7x 1077 (given)
IF'S" is the solubility of Agl, then K = 52

5= Kgp = f8.7x10717 =9327 % 10°mol L

- [Ag1=[1=9.327x10°M
Reaction: Ag'+e —— > Ag
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0.059 [Ag] 55.  Ag|AgCl(s), KCI(0.2M) || KBr(0.001M), AgBr(s) | Ag
AEEE = log—tn Anode Cathode
i [Ag’] K_(AgCh)=2.8x 101 K (AgBr)=33x 10
0,059 ] Atanode, |Ag— Ag'+e
=079V ~—— log—rnr—r ¥ At cathode, ,Ag" + ¢ — ,Ag
1 9.327x107° - Cellreaction |Ag+,Ag" — ,Ag+ Ag"
[+ Activity of the electrode material The subscripts 1 and 2 on Ag denote the species
in pure solid state is taken as one] concerned with anode and cathode respectively.
=0.799-0.05910g 0.1072 x 10°V Applying Nernst equation
=0.799-0474=0325V
Again, E=E- Lo log[—-ﬁmﬂ-]
L.H.S. electrode reaction ; 2 Reactants .
Ag—>Ag +e 4
R.H.S. electrode reaction:  Agl(s) +e — Ag+ 1 =0 0.059 lag[ 2Agx 1Ag }
Cell reaction : Agl(s) » Ag™ +1- : 1Ag x oAg"
K =Equilibrium constant=[Ag"] [I'] =8.7 x 10-17 [Agl=[Ag]=1 (- these are in solid state)
The standard cell emf £° and the equilibrium constant K K‘p (AgCl)=2.8x10""90r [,Ag][CI]=2.8x 10"
are related by the expression: : g
0.059 [(Ag'] = L =14x 10719
Egy =—— log Kat298K, Here,n=1,K=8.7x 10" 18 0.2
(- [C]=0.2)
ES ;1 =0.035910g8.7 x 1077=0.059 [0.9395—17] =—-0.948 V K, (AgBr)=33x10""or [,Ag"][Br]=3.3x10"3
et = o ~13
But £y = ER s — Ef us. LAg]= 3—30”—-0{001_ =33 %1071 (- [Br]=0.001)
s Ef s = Bl t EY s =-0.948+0,799=-0.1499 V ¢
53. For the half-cell reaction . p=_0059 log { 14 %10~ ]
NO, (aq) + 2H"(aq) + & ———> NO,(g) + H,O(l) - 1 33x10710
The Nernst equation is E= E° — i log _{Produots] il =
n [Reactants] =-0.059 log {—} =-0.059 % 0,6276=—0.037 V
Substituting the values in case of (i) L33
0.059 1 Since, emf is negative this shows that the reaction is non-
E=0.78—- log — =0.78+0.0591og64=0.887V spontaneous.
I (8) For the reaction to be spontaneous, its emf should be
Substituting the value in the Nernst equation in case (ii) positive i.e, E=0.037 V and its polarities should be reversed
0.059 | i.e. anode should be made cathode and vice-versa.
E=0.78~ log ———=0.78-0.059 log 10 So. the galvanic cell is : Ag | AgBr(s), KBr | AgCl(s), KCl |Ag
L (1077) In other words, Ag | AgBr acts as anode and AgCl | Ag acts
=0.78 -(0.059) x (14 =-0.046 V as cathode.
54. 2Cl'(aq)+2H,0=20H(aq)+ H,(g)+Cl,(g) 56. The following chemical cell sets up :

Get More Learning Materials Here : &

Reaction at anode : 2Cl' -  Cl,+2¢
Reaction at cathode : 2H,0+2¢” — H,+20H"

'—EX25*154 m|
i 100 4 amperes

Weight of Cl, deposited = 1 kg or 1000 g
L e B L B UL L

C oW B TF 7 355 96500
t= 175300 sec. or 48.69 hours

1000
No. of moles of Cl, thus produced = i 14.08

Amount of OH released in the electrolysis
=2 % 14.08 moles= 28.16 moles
28.16 mol

B 1.408 M

.'. Molarity with respect to OH- =

cornne €)

Zn | Zn®* || Ni2* | Ni _
The net cell reaction is: Zn + Ni** ——= ZnZ"+Ni
Thee.m.f. is given by

i
E = EE\}IJ*#V' il E; o U‘(;59 % [an J.
Ni“T [ Ni / ~
) i n n [Nl +:|

2+
=-0.24~(-0.75)— 00295 log 1201
[Ni**]

2+
=0.51-0.0295log[Z0 ]
[Ni**]
Atequilibrium £_, =0
Let x mol L~ be the concentration of Ni?* at equilibrium.
Then [Zn*]=1-x [ 1moleofNi* gives 1 moleof Zn?']
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1—x

7. 0.0295 log =51

x

1= 0.51 1—x 5
A e el * !

-:)r]og—)E 0.0295 17.29 or = 1.95 %10

orx= =5.128 x 10-'8 mol-!

1.95x10"7

o oy o =
ECuZ*ICu =0.337 and EAg =(0.799V

+.-“Ag

(]

E

+ = o =0
aa* /A 0.799-0.337=0462V

Cw/Cu*
o Cu+2Ag"—> Cu* +2Ag; ES,; =0462V
Hence, the galvanic cell in question will consist of anode

of copper and cathode of silver.
Calculation of concentration :

i 0'?],59 lo, r;% et =01
0462= 222 1 001 [n=2]
(Ag™]"
2%2 - log (10) - log [Ag"]?
% =_2-2log[Ag’] =[Ag]=148x10°M
5 0.0591

logK,. or Eloglfc
nF

“eell =

Let us split the desired reaction into two half cell reactions:
Oxidation half reaction :

1
HO+ 5 Hyig) = H,0"+e E°=0.00V
Reduction half reaction :
1
HO e — EHZ+0H‘ E°=-08.277TV

Net reaction :

HO = HO+0H E. =—0.8277V
So, the number of electrons involved in redox reaction,
(m=1

: 0.0591
We know that £,y e log K

=5 E:Cll xn (—0482?7) % ]
g K= = 0591 0.0591
K, = Antilog [-14.005] =9.88 x 101
For a concentration cell

=-14.005

_ 0089 G
cell n 0g CZ

60.

61.

62.

cornne €)

Itis a concentration cell as both the electrodes are made of
same element. Negative electrode acts as anode in a
galvanic cell.

At anode; Hy ——2H" +2¢” [H]=10"M
At cothode; 2H™ +2¢" —> H, [H]=?
C 0059, (C.)
E =222 10g| | or 0.118= 20 1og |
! 107 L 1076 J
C. 0118
__H__ = —_— = == -
log 06 0059 2= Chpe =10°M
Halfcell reactions will be
In*+2e ——=7n coerld)
SO EEEN el R o
H+e— 7 Hyor2H'+2ee—H, ... (#)
3 RT |  [Zo™']
We know that Eznjzn:,, = EZn.-*an‘ - In Zn]
Here, R=8.314 Jmol"! K-}, T=298 K, F=96,500 c/eq.,
n=2,E . =076V.
Substituting the values in the above equation
8.314x298 0.1
E =0766——— In — =0.79V
Zn/Zn®* 2x96500 "1 7
- i RT = [H,]
A Iy EH*’IH2 . EH*IHZ ~ nF [H+]2

o 8314x208 - [1]
2 % 96500 [H*)?

=0.05915 log,, [H'] =-0.05915pH
(" —log,, [H]=pH)
+E

H* /H,

1 Gl
0.05915
(i) The two half cell reactions can be written as below :
Oxidation half reaction : Zn — Zn>" + 2e
Reduction halfreaction : Cu?*+2e”— Cu
Thus the cell reaction will be : Zn + Cu?* — Zn®" + Cu
@) EMFofcel, B, =E . —E .
E? ,=0.350—(-0.763)
=0.350+0.763 volts=1.113 volts
(iii) Sinceemf ofthecell is positive, the reaction as written
is spontaneous.
(a) 28nCl, —> Sn +
2119+ (2 % 35.5)] 119
= 380
-+ 119g Sn deposits from =380g SnCl,

Now since E =
Ezn;zn2+

8.62

0.28=0.79-0.05915 pH => pH=

SnCl,
119 + (4 x 35.5)
= 261
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380
+0.119g Sn deposits from = T-x 0119 =0.380g SnCl,

-+ 380g SnCl, gives =261g SnCl,

g 261
0.380 g SnCl, gives = EXO.SSG =0.261g SnCl,

Wt of SnCl, left after decomposition

=19.00-0.380=18.620 g.
Ratio SnCl, : SnCl,
= 18.620:0.26]1 = 71.34:1

(b) NaCl—Eecmsity yat il
At Cathode; Na"+e —— Na
2Na+ H?O —> 2NaOH + H2

Atanoder 517 =— = Cl+e

cl+c1— a,
20H-+Cl, — CF+0Cl-+H,0
OCI" +2HOCI — CIO, +2Cl+2H"

Na*+ClO;- —— NaClO,
Sod.Chlorate
On prolonged electrolysis

CIO,7 + 0107 =61 + €10,
Na*+CIO;- —> NaClO,
Sod. perchlorate
(¢) ChargeonN* =3
No. of ions in 14 g of N*=6.02 x 107

6.02x10%

No. ofions in 1g of N* = T

N 6:02x10%
14

No. of electronic chargeson 1 g 3

Charge on 1 g of N*

_ 6.023x10% x3x1.6x10™"

14
(*+ Charge on one electron is 1.6 x 10" Coulombs)
=2.06 x 10* Coulombs

Coulombs
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